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Abstract: Background, aim, and scope Tableland farmland was one of the best area for the development
of planting industry in the Loess Plateau. The soil fertility and water retention in the tableland farmland
had been reduced and posed a serious threat to crop growth and agricultural economic development due to
the unreasonable selection of agricultural planting types in recent years. Therefore, this paper aims to study
the coupling relationship between soil fertility and economic benefits of cultivated land under different
planting types in the region, so as to select appropriate planting types. Materials and methods Four typical
lands (corn, cotton, potato, and abandon land) in southwest Shanxi were selected as the research objects,
and the soil fertility, output value and yield during the whole growth period (March— October) in 2019 and
2020 were measured. The coupling coordination degree model was used to comprehensively analyzed the
fertility, economic benefit and coupling coordination degree of each crop based on the experimental data.
Results The results showed that: (1) there were significant differences in soil fertility under different planting
types, among which the soil fertility under potato planting was the highest. (2) The changes of soil fertility
in different growth stages were different. Except for soil water content, all of the fertility indexes were the
highest in the rapid development period and significantly decreased in the middle growth period, and soil
water content was the lowest in the rapid development period. (3) When compared among the soil layers,
soil fertility indexes content was the highest in 20—40 cm soil layer, and soil water content was the lowest
in 0—20 cm soil layer. (4) The order of economic benefits under different planting types was cotton>
potato>corn>abandon land, in which the economic benefits of cotton were 1.17, 1.36, and 3.40 times
that of potato, maize and abandon land, respectively. (5) The coupling coordination degree was the highest
under potato planting, followed by cotton and maize, and the lowest in abandon land. Discussion (1) The
soil water content and nutrient content were the highest under potato planting when compared with the other
crops, because the soil rhizosphere with strong soil enzyme activity and high nitrogen fixation efficiency
which could provide a good nutrients environment. In addition, potato stems and leaves growing close to
the ground had a positive effect on reducing soil water content evaporation. The low content of corn land
may be due to the high demand for nutrients by its own physiological structure and growth habits, and it was
also due to the shallow planting and fertilization of corn in recent years and the large loss of surface water
and nutrients due to evaporation, wind invasion and leaching. (2) Cotton planting had the highest economic
benefits when compared with the other crops, mainly because of its high economic value and less substitutes.
As China’s largest food crop, corn planting has lower economic benefits mainly because of its lower economic
value than other crops and weak processing, transformation and value-added ability. Conclusions Based
on the above results, potato planting had best significance to improve of soil fertility, while the dominant
planting type for the purpose of economic income generation was cotton. The sustainable development of
agriculture required the coordination of economic growth and soil fertility protection. This study found that
potato planting should be balance the economic growth and agricultural environmental protection in loess
residual tableland in southwest Shanxi. Recommendations and perspectives In order to reduce the limitation
of water on fertility improvement and crop yield, irrigation should be carried out in time during the rapid
development period under every crop types. This study had important meaning to the reasonable selection of
cultivated land planting types, scientific irrigation and the promotion of agricultural sustainable development
in loess residual tableland.
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Tab. 1 The information of experimental field and soil sampling
P2 FhFEA RS /(Bk-hm %) AL BE AHH A
Planting types ~ Seeds  Plant density/(plants-hm °) Plant system Growth periods Sample
g (4 73) -4 (6 ) —HhiE (7]1) —
\ g g
BN .§£99 6.75% 10° i(gﬁ) B (9 A7) - . o)
Corn Liangyu 99 Seedling emergence (Apr.)— jointing (Jun.)— heading
(Jul.)—filling (Aug.) — maturing (Sep.)
AR i (41) >JF8 (6 1) —> 4k (7—8J1) —
e KE 21 6.00 10° (—4F—F) 2 (9 H) )
Cotton Dayu 21 ’ Continuous cropping Seedling emergence (Apr.) —budding (Jun.) — boll
(planted once a year) (Jul.— Aug.)—boll opening (Sep.)
i (4—5 1) >HZEREF (6 ) — IEmRA
2 = — A
LS thi 3 5 — (75) B (9 H) T
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= / / / / 840
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(EX) . 40C kg (K) . 30ke' (5 $EERRUE C, N

S, IRE2570kg!, EAM3Tkg!, K C=B~+Y B, 3)

2550 oo L', MEWEZEH 450 76-hmC ( EoK )

Zhr 2% ol 2% S k.
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Tab. 2 Coupling degree and coordination degree classification

iy iy e ) PrEKF
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- (R THEE 0<D<0.2 FEHERI  Severe disorders
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05<B<08 HENFEE 0.5<D<0.6 5P Reluctant coordination
' e Adaptive coupling 0.6<D<0.7 W tIE  Primary coordination
L 0.7<D<0.8 F1 20 Intermediate coordination
ARG . L
0.8<B<1.0 ) ) 0.8<D<0.9 R Good coordination
High-level coupling N R . . L
0.9<D<1.0 AR5 B High-quality coordination
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- TR AT 8 A T R MR, 1A
. . (S ey yAN® [ B2=) T‘j 0 0,
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Tab. 3 Soil fertility differences under different
growth periods

Al o e
P 1"5 b 15 5L wIRA ik AR R
. B K "W P :
Planting Background . R . Maturing
Indexes Initial Rapid Middle
types
,,,,,SWC Ba Ba Cc Ab Ab
SOM Ca Be Ab Bb Ab
SR
N Ca Bb Ab Cb Cb
Cain ==
77777 AP Ca Ca Ab Bb Bb
77777 AK Ca Cc Ab Bb Bb
~ Swc Ba Cb Cb Ab Aa
SOM Ca Ab Ab Bb Bb
it
TN Ca Ba Aa Ba Ba
Cotton -
77777 AP Ca Ca Ab Ba Ba
77777 AK Ca Cb Aa Bb Ba
,,,,,SWC Ba Ba Ba Aa Aa
SOM Ca Ba Aa Ba Ba
D
TN Ca Ba Aa Aa Ba
Potato -
77777 AP Ca Ca Aa Ba Ba
77777 AK Ca Ca Aa Ba Ba
,,,,,SWC Aa Aa Be Ac Ac
e SOM Ba Ac Ac Be Be
fer
Aa Ac Ac Be Ab
Abandon -
77777 AP Aa Aa Ac Ac Ac
AK Aa Bb Be Be Be

A, B I C KR [F] — Fi Al 28 BU A 6] A & 40) =22 [R) 4 HEE ) AE
a<<0.05 /KF E22 5 W35 a. b Ml ¢ R AR A H WA [ F g 8
R A H3EAE I 0<<0.05 K 122 B,

A, B and C showed significant differences of soil fertility at a<<
0.05 level among different growth periods; a, b and ¢ showed
significant differences of soil fertility at «<<0.05 level among different

planting types.

4

+ AR 54 2% R R R R I . AR
REMDBEMM T KD FoTERE,
X Rl T A SRR N SR EE ERR HE A
A4 R MR IR B, AR R AR AR TE A SRR R 2%
Bk, AErm R AR AR R (2
WEHRAE, 2021) , JyfbhE b AR PREAR H %
JE RN/ SWC 28 B FEHA BURAE T (& J7#E,
2021) o AP, AK Frigfe DR N Rl & 1
IR BER A, S S8 R S e HEEEY
FER b A K I g 7 A K SO A sCR
. SICNO R A 2 (ol 8%, 2017)
] R L S A RIS Wl Ak S TE A i L 1 48
B CIRBSRAE, 2020) , TWAEA K P T HAR
JeR T S SR A R R A TH AR D
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A, B and C showed significant differences of soil fertility at a<<
0.05 level among different soil vertical profile; a, b and ¢ showed
significant differences of soil fertility at «<<0.05 level among different
planting types.

K4 ANfa] L2 e T o3 AR
Fig. 4 Distribution characteristics of soil fertility under
different soil layers
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Tab. 4 The information of input—output under different planting types
#A Input 7= Output

L& FAE i
izl i L o A J7 76 hm™)
. BT ORR kZ vl MR BUH ] /Oihm®) O5Ehm?) .
Planting types . . . . Yield . Profit
Seed Fertilizer Pesticide Irrigate Mechanical Rent i Price Value a -
/(t-hm™) . 5 . . /(10" yuan-hm™)
/(10" yuan-hm ™) /(10" yuan-hm ™)
ESN
0.10 0.21 0.0075 0.045 0.06 023 11.25 0.22 2.48 1.83
Corn
L%
0.18 0.21 0.0075 0.011 0.21 0.63 4.50 0.92 4.14 2.89
Cotton
it 0.68 0.21 0.0075 0.006 0.14 035  26.25 0.14 3.68 2.29
Potato
= 0 0 0 0 0 0 0 0 0
Abandon

BTSRRI B R AN 10° 78 -hm®, B F580 R +-3b.

All types of input units are 10* yuan-hm, rent includes labor and land.

RS HEARPRAALE
Tab. 5 Benefits indexes and weights

R HA Benefit W zif5kR  Benefit index @tk Attribute AE Weight
+HEfKE SWC + 0.18
- THEAPLE  SOM + 0.18
RS o
o HEH AK + 0.23
Fertility benefit N
AR AP + 021
BA TN + 0.20
A Input = 0.20
o FeH Yield + 0.17
EZXNN &t .
. ! Hfft Price + 0.17
Economic benefit )
7={E Value + 0.24
FE  Profit + 0.22

+ PR LA ISR, — xR A v R AR

+ indicates positive effects on benefits and — indicates negative effects on benefits.

# 6 ANFEIFHZER T AL 5 23R & DR

Tab. 6 Coupling coordination degree of fertility and economic benefits under different planting types

i ey NS48 %k LU W P
Planting types Fertility index Economic index Coupling degree Coordination degree
EK  Comn 0.48 0.50 0.50 0.49
Hi4E  Cotton 0.78 0.68 0.50 0.60
LhE4 % Potato 1.00 0.58 0.48 0.62
Jich Abandon 0 0.20 0 0

FORFPAE AR LE E S AR 48 AK. AP A2 {k
NHEREAR, FIREE A SRS A K T P
XFE TR 2 (RIS, 2021) 5 MATREMA
SRy L AT SR T KRR B il IR X5 5 7 HL R K L ER 2 K
gy IR TR . WUR Bk S I R R K
(tpEe%, 2020) , FECEKHEHOIKI . 70
WD, ARFIEIR & B T K SWC M S5 4 2 ek
REMBEAUIRE R, X2 E R 5K

BB, H e 2R TR K I3
e R . M5O S AU Y (R
T, 2020) o MRAERRAES EORAML, ATk
M. BRI, P R T
TR YT B AR AL LR IR RS, TR 2 i FIAR
RO ik B m e ( FikE, 2019) , Ktk
Uy aspii PRl AVADPS e ing i

PR B2 5 R s AN 22500 ATIE A
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B MBS ILAAEY, PR AR L 28 B85 e
X FEEFONARAE A BT s . B,
PR LA Ay o B ) Tl SRk A s 4 9 e A T
BREEYE R (S5, 2021) , AN
X R . DR B REEOR THlE, ST E
KFNFEH, 2 PR Ry T A8 S B i A T ) T A R
. gk, FRESEAEY, KA EmTE
HARH S RT (P &S, 2021) , JFHREE S
P, TR DR R R, HAT DA
PomtE . JEM AR R KRN R ER AR
BRI (BRI, 2021) , o (8 A0 i
REE . ME TP ESE - KREEY, FAFE
25U R 2 AR 32 B R Ry 28 T (A T At AR
Vi, TG ERE s, SR D E T gt
TR FIERIRAS, i B RSO O B B A
Yy MLl ey g sr, A5 i BOk £ S fitsr 3%
¥, IS ERM A R CEa s,
2021) , AHCEAY P (E RN R S A AR AL A
B,

NE S50 25 . 200 8045 WRE A DM 8 32 R TR o A
RIUAFMAFEZE S o AT Rk MAEFITHE,
A DM R DA A T e, Sy D
FPAE T AR T35 8, TR AR T AR AR
K, JiHh, MBI TR A MR EE R Z,
R AT fem, HIE RS DA E A L
B, BORFIAL TR Ak es . LuFakes LA U
PRSI T 8% e, M TIED R,
T HIE JI 5 . TR s B A PR R 48 B0 B
Ko 28 iR, IhAREE Rl S HAth 2R AU B 25 F
A A B RN ) SRR IR . AR AE AT 4
Vel s e, RGBT R | A R I A B AT
Ty EEA R S, EX AR ) i R A
I8 SR L AKOT B AR EL R AL PP AR X . M)
NRFAFEERE R (B, 2002) o Rk ¥
VR A BRI & SR 20 05 R e 5 AR S AR P A P
P, ARSCE TR I R A U R B AT B 7
Ve BT 20 O B ISOR AR S OB DR & R A e
FRAERAL, S5 IR X SRR il S 4% AR A HE
AV b . RIS KRR T TSGR o T,
T 2 B ) SO AR AT

5
(1) SHEREEAE T HIRAC Ty ey, MRAE. &
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F13 %

KIRZ, FeHimAR, S S A5 1 S IE )
Gy H AR SR g2 S PR
SOM. TN. AP Hl AK 7 & fe iy 1M1 78 A < D R
Rl 2, SWC ZERBUE & & i, 7F 20—

40 cm HIEAC SRR, SWC 1E 0—20 cm %, 1
HA g0 & BN E AR 2Z R 8B, (2)
TERE NP EMANE Y R, SRBFRZARA
B, EORFME FHA L P RN A TR A
MRS EH o, SOMEARIEL TR =
AR T KR Z, TeHiifik;  (3) DURhRRBS
Rirh, HESEERNRE TR M E R, HUON AR
TAER, T AL,
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